J 



Europaisches 
Patentamt 



European 
Patent Office 



' RfiC'dPCT/PTO 07 0CT M4 
PCT/NL 0 3 / 0 0 26 2. 



Office eul 
des breve 




Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingerelchten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
confer mes a la version 
initialement d^pos^e de 
la demande de brevet 
europ6en speciflee k la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n*" 

02076383.5 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



Der PrSsldent des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de I'Office europSen des brevets 

P.O. 



RCvanDijk 



DEN HAA6,D£N 

THE HAGUE, 21/06/02 

lA HAYE,I£ 



EPA/EPO/OEB i=brm ' 1014 -02£1 



Europaischesn^B European OfficeedH^etT 

Patentamt Patent Office des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de f^attestation 



Anmeldung Nr.: ^^^^^ ^ Anmeldetag: ^« 

Application no.: 02076383 .5 Date of niing: 09/04/02 

Demande n': Date de dgpdt: 

Anmelder 
Applicant (s): 
Demandeur(s): 

DSH^ NV 

6411 TE HeerTen 
NETHERLANDS 



Bezeichnung der Erfindung: 
Title of the invention: 
Titre de I'inventlon: 

Process for the preparation of enantlomerlcally enriched compounds 



in Anspruch genommene Prioriat(en) / Priority(ies} claimed / Priorite<s} revendiquee(s} 

Staat: Tag: Aktenzeichen: 

State: Date: File no. 

Pays: Date: Numero de depot: 



Internationa le Patentldassifikation: 
international Patent classification: 
Classification Internationale des brevets: 

/ 



Am Anmeldetag benannte Vert rag staaten: , ^ „ 

Contracting states designated at date of filing: AT/BE/CH/CY/DE/DIVES/Fl/FIVGB/GIVIE/IT/LI/LU/MC/NiyPT/SE/TR 

Bats contractants designes lors du depot: 

Bemerlcungen: 

Remarks: 

Remarques: 



EPA/EPO/OEB Fbrm 1012 . 11.00 



u±o uy.u4.;/uu2 16:4 



PE20627 




PROCESS FOR THE PREPARATION OF ENANTtOMERICALLY ENRICHED 

COMPOUNDS 

The invention relates to a process for the preparation of an 
enantiomerically enriched compound of formula 1 



r2 



.3 (1) 



10 NR^R^ 



or a salt thereof, tA^ereln: 

C* represents an asymmetric csffbon atom; 

and R^are different flnom each other, and, each Independently, represent H, a 
1 5 substituted or unsubstHuted alky! or aryt group; 

represente CHjOH or an <^tionaliy protected OHO group; 

represente H, a substituted or unsubstituted allc/l or aryi group: 
R* represente H or C(-0)R® wherein R* represents H, a substituted or unsubstituted 
alkyi, aryl or alkoxy group, R^ represents an amine protecting group, or R* and R' form 
20 together with the N to which they are attached a cydte Imide group wherein an 
enantiomerically enridied compound with fomiula 2 




(2) 



.25 or a salt thereof, wherein C*. R\ R*. R^ and R' are as defined above and R^ represents 
H or C(=0)R^ wherein R^ is defined above, R'^ represents an amine protecting group, 
or R^ and R'" forni together with the N to which they are attached a cyclic Imlde group is 
subjected to hydrogenatlon in the presence of hydrogen, a hydrogenation catalyst and 
a mineral add. 



-2- 

Known in the art are processes for the preparation of 
enantlomericaily enriched p-amino alcohols by hydride reduction of the corresponding 
enantlomerlcally enriched a-amino acids or derivatives thereof, for Instance amidds, 
esters or (mixed) anhydrides, using hydrides, for instance LIAIH* or NaBH4, optionally 
In the presence of a Lewis add or a BrSnsled acid, for instance H2SO4, The hydrides 
used, however, are expensive. Moreover, such reduction processes require specific 
safety measures and are difficult to scale up. in addition, the starting material used 
(amino add, amino acid ester, amino add amide and (mixed) amino acid anhydride) is, 
>Mhen using Strecker synthesis, prepared In subsequent synthesis steps starting from 
the conesponding amino nitnle. Consequently such processes require more reaction 
steps. 

For the preparation of enantiomericaiiy enriched (N-protected) amino 
aldehydes processes are known In the art that are based on hydride reduction of amino 
add esters with D18AL-H or UAIH* reduction of Weinreb amides; and processes based 
on the oxidation, for instance Swem oxidation. TEMPO oxidation or periodane 
oxidation of amino alcohols. These known processes for the preparation of amino 
aldehydes suffer from the same disadvantages, like safety requirements, expensive 
starting materials, a large number of reaction steps and/or difficult to scale up, as the 
above mentioned process for the preparation of enantlomericaily enriched amino 
alcohols. 

The jwesent invention now prevldes a commercially attractive route 
for the preparation of a broad range of enantlomericaily enriched compounds according 
to formula 1. 

This is achieved according to the Invention by hydrogenation of a 
compound with fontiula 2 under conditions suitable to obtain the desired compound 
with formula 1. 

Surprisingly the nitrites with fomnula 2 can easily and with good yield 
be converted Into the con-esponding compound with fonnula 1 . without substantial 
racemlzation. The enantiomerically enriched nitriles with fonnula 2, moreover, can be 
easily prepared, using methods known in the art. Accordingly, in combination, a short, 
commercially attractive concept for the preparation of the important chiral building 
blocks of fomnula 1 is obtained. 

With the ptt)cess according to the invention enan«omerically enriched 
compounds with formula 1 can be prepared, such as p-amino alcohols and a-amino 
aldehydes, starting from a corresponding nitrite with fomiula 2. and of fomnula 1 




and 2, each independently represent H or a substituted or unsubstituted alkyi or aryl 
group with for Instance 1-40, preferably 1-20 C-atoms. The alkyI or (hetero) aryl group 
may be substituted with 1 or more substituents. Suitable substituents are for instance 
afkyi, alkoxy, halogen, aryl. amino or hydroxy groups with, for instance, 0-10 C-atoms. 
R"^ represents H or C{=0)R^ as described above, for instance an acylgroup with e.g, 
1-10 C-atoms, in particular a formyl, acetyl or substituted acetyl group, in particular 
chloroacetyl, phenacetyl. methoxyacetyl or trifluoroacetyl. a carbamate group with e.s- 
1-20 C-atoms. In particular benaiyloxycarbonyl (Z), t-butoxycarbonyl (Boc) or 
9-fiuorenylmethyloxycarbonyl (Fmoc), or any other protecting group used in peptide 
coupling chemistry, as for instance described in J, Podlech et al. In Houben-Weyl 
Methods of Organic Chemistry (4^, Edlton). Vol 22a. Thieme. Stuttgart, 2002, 
pp 41-185. most preferably ts chosen In relation to hydrogenation conditions and 
compatible with the process and process conditions for the preparation of the specific 
enantlomericaHy enriched compound with fonmula 2 that is chosen as starting material. 
For instance preferably reiw^esente an acetyl group when an acylase is used in the 
preparafion of the enantiomerically enriched starting material with formula 2, or a 
phenacetyl group when a Pen ac^ase is used or a formyl group when a peptide 
defomiylase (PDF; ensymea hawng formyl methionine peptide defomnylase activity) 
is used. R* may be the same as R^; alternatively rf the gn^up R^ (where R^ does not 
represent H) is removed under the conditions of the hydrogenation step, R^ Is not equal 
to R^ and represents H. The nitrile starting material with formula 2 and the compounds 
obtained with the process according to the Invention preferably have an enanSomerlo 
excess larger than 80%, more preferably larger than 90%, most preferably larger than 
95%, In particular larger than 98%. 

The enantiomerically enriched amino nftriles may for instance be 
prepared by (precursor) fermentation or by enzymatic resolution of N-formyl amino 
nitriles using a PDF as, for instance described in EP 1,01 3 J73; or by acylation of 
amino nitriles using acylases as, for Instance described in K, Nakai et al., Bull. Inst 
Chem. Res. Kyoto Univ. (1992) 70, 333-337, and in R.A. Sheldon et al., Tetrahedron 
Asymm. (2001) 12, 219-228 and using PenG acylase as described In A. Romeo et al.^ 
Tetrahedron Lett. (1971) 21. 1799-1802 and in J,Org,Chem. (1978), 43. 2576-81, or by 
using nitrilases, as for instance described In tayh et at., AppL MIcrobioL Biotechn. 
(1997) 47, 668-674, or using classical resolution (via diastercmeric salt formation) or 
crystallization Induced asymmetric transfonnation, as for instance described in US 
4,683,324; J. Org, Chem, (1968) 33» 1209-1213 (disubstituted amino nitnles) and In FR 
2,141,354; US 4.072,698; JP 79/48.729; Hung. Teljes 7587; Hung. Teljes 16.078 



-4 



(aromatic amino nltrlles); or by resolution via preferential orystaliisation. as for instance 
described in J. Org. Chem. (1968) 32. 1209-1213 (N-acetyl amino nitrile for 
MethyiDOPA; or by diastereomeric synthesis, as for Instance described in WHJ 
Boesten. Oig. Lett (2001) 3. 1121-1124; J. Org. Chem. (1983) 48, 5369-5373; or by 
catalytic asymmetric synthesis, as for Instance described In E. Jacobsen. J. Am. Chem. 
Soc. (1998) m 4901-4902 and ibid. (1998) m 5315-5316. EJ. Corey, Org. Lett. 
(1999)1 167-160. A.H. Hoveyda, J. Am. Chem. Soc. (1999) 121 4284-4285. S. 
Kobayashi, Angew. Chem, (1998) 3Z. 3186-3188 (a-H amino nitrlies). or Y. Valine, 
Tetrahedron Lett (2000) 41 873-876 (disubstituted amino nitriles); or by dehydratation 
of amino add amides, as for instance described in IC Kawashlro. Chem. Lett (1976) 
417-418 (with POCI3), ^Afl^J Boesten, Org. Lett. (2001) 2. 1121-1124 (Vilsmeier 
reagent) or Bose. Synthesis (1999) 1724-1726 (with BuzSnO). 

The hydrogenation reaction will be canried out using a hydrogenation 
catalyst for instance a Pd-catalyst. In particular Pd/C. PdO or Pd/BaS04. Pt-catalyst in 
particular Pt/C or Pt-oxide. Raney Ni. Raney Go, a Ru- or a Rh-catalyst Preferably the 
hydrogenation reaction is earned out in the presence of an aqueous solvent for 
Instance water, a water-alcohol or a water-dioxane mixture, in the presence of a 
mineral add for instance HCI or HaSO^.The amount of mineral add to be used fs 
preferably 1 -4 equivents calculated wRh respect to the molar amount of the amino 
nitrile. preferably 1 .6-2.5 equlvalente. 

The hydrogenation reaction will be carried out in the presence of 
hydrogen, m the hydrogenation reacHon generally a mixture of the corresponding 
enantiomerically enriched alcohol and the enantlomericaily enriched amino aldehyde 
will be prepared. Under a given set of hydrogenation conditions the ratio between these 
products laiQely is determined by the choice of the hydrogen pressure: at a larger 
hydrogen-pressure more of the enantiomerically enriched amino alcohol is prepared, 
and at lower hydrogen-pressure more of the enantiomerically enriched amino aldehyde 
Is prepared. For the preparation of enantiomerically enriched amino aldehydes the 
hydrogen pressure preferably Is chosen between 0.1 and 2 MPa, in particular between 
0.6 and 1 MPa. For the preparation of enantiomerically enriched amino alcohols the 
hydrogen pressure is preferably chosen between 3 and 10 MPa, in particular between 
4 and 6 MPa. Optionally the hydrogen pressure in the preparation of amino alcohols 
Initially may be chosen lower until most, preferably wrtualiy all of the nitrile starting 
material is converted (to aldehyde), followed by increasing the hydrogen-pressure 
whether or not under addition of an additional amount of catalyst The person skilled in 
the art will easily be able to detennine the optimum hydrogen-pressure and catalyst 
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loadfrig for his particular compound. Of course in stead of hydrogen ateo a suitable 
hydrogen donor may be used, for instance fonnic add, ammonium fomrtate or triethyl 
ammonium formate. 

In the process according to the invention often also small amounts of 
5 dfamlnes wil be fomied as a bi^roducl of the hydrogenation of amino nitriles to amino 
aldehydes or amino alcohols. It Is for instance described in the art that the 
hydrogenatlon of N-protected amino nitrlles in alcoholic ammonia over a Raney-Ni or 
Pd/C catalyst for example leads to mono-protected diamines. By optimization of the 
process conditions the formation of byproduct can be reduced. Furthermore, eventual 

10 byproducts may be removed by standard techniques like, for example, crystallization, 
selecttve extraction* selective comptexatlon or destination. 

The enantiomerically enriched amino alcohols can be purified, for 
instance* by distBlation or crystallfsation of the free amino alcohol, its salt of a mineral . 
acid eg. fts HCI-salt, or Its salt of an organic acid eg. its oxalate salt tartrate-salt or 

15 malate-salt. 

Amino aldehydes as such are known to be reiatlveiy unstable and to 
racemize easily, as a rule it is advantageous to isolate and purify the amino aldehydes 
as a chemically and configurationally stable derivative. After the hydrogenatlon reaction 
the amino aldehyde in the reaction mixture can be transfomned in situ into a stable 

20 amino aldehyde derivative, for instance Its N, N-dibenzy!ated derivative, bisulfite 
adduct, acetal, oxime, hydrazone, cyanohydrine or amino nitrile by reaction with for 
instance a benzylating agent, NaHSOg, an alcohol, diol or ortho ester, NHgOR (with R 
is e,g. H or C1-C1 0 alkyl), NHz NHR (with R is e.g. H. C1-C10 afkyl, C6-C1 0 aryl, 
C1-C10 acyl or carbamoyl) HCN or HCN/NHRa (wherein each R independently may 

25 represent H or C1-C10 alkyl or both R groups together with the N to which they are 

attached fonti a alifatic (hetero)cyciic ring with 4-6 C-atoms) and isolated as such by for 
example crystallization or distillation. In case Ri = H, the amino aldehyde can be 
isolated as its stable salt In the form of a hydrate, hemiaoetal or acetal. 

The invention will further be elucidated using the following examples, 

30 without, however, being restricted thereby. 



Example 1: Strecker synthesis of rac-2-amlno^3-DhenvtDrQDlQnItrile 

A 30 wt% solution of sodium cyanide (653 g, 4.0 mol) at 25°C was 
saturated with ammonia gas at 0,15 MPa In 30 min time 240 g (4.0 mol) of acetic acid 
35 was added, followed by the addition of 634 g (4.0 mol) of phenylacetaldehyde (80-90%) 
in 46 min. After stirring for 4 h at 35^C, the reaction mixture was extracted with 2 L of 
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# a. 0 

CH2CI2. The organic layer was evaporated and the residue dissolved In 4,5 L of diethyl 
ether. To this solution 3^.5 mo! of saturated HCI in dioxan was added. The precipitated 
rao-2-amrno-3-phenylpropionitrile.HCI was filtered and washed with ether (yield 80- 
85%), 

6 

gy^ ^mp^e 2: Diastereomeric resolution of rac-g^amlno -S^ohenvlDropiortitrilQ 
(phenv|alanlnonitrift 

A solution of 182.5 g (1 mol) of raO" 2-amino -3- 
phenylpropionitriie.HCI-salt (prepared by Strecker synthesis) and 170.4 g (0.6 mol) of 

10 N-4-.chlorobanzoyl-L-giutamlc acid in 2.2 L of absolute EtOH at room temperature was 
slowly added 60.6 g (0.6 mol) of Et$N- The mixture was stirred for additional 2 h. The 
precipitate was filtered and washed with 500 ml of ethanoL To the solid was added 2 L 
of ethyl acetate and 1 L of water and the solution was acidified with concentrated HCI 
solution to pH 1. The aqueous layer was separated and concentrated in vacuo. The 

1 5 remaining water was removed by azeotropic distillation with i-PrOH. The remaning 
solid was dissolved in 600 mL of RAeOH. To this stin^ed solution 2 L of Et20 \A«s slowly 
added. The precipitated white solid was filtered off, washed with ether and dried. 
Yield: 50.7 Q (56%) of (R)-2-amlno-3-phenylpropionltrile.HCI-salt. e.e>97.6% (HPLC). 

20 Example 3: piastereomeric resolution of rao-a-amtno-S^me thylbutyronitrile fvalinonltrlle> 

To a solution of 40 g (0.30 mol) of rac-2-amIno-3- 
methylbutyronitrile.HCI (prepared by Strecker synthesis as described above) in 1 .1 L of 
MeOH/toluene 70:30 was added 30 g (0.30 mol) of Et^N and 45 g (0.30 mol) of D-i-y 
tartaric acid. After stirring for 70 h at ambient temperature the mixture was cooled and 

25 filtered. The residue was dissolved In water/CH2Cl2 and neutralized with dUluted NaOH 
solution to pH 9. The CH2CI2 was separated and extracted with diluted HCI solution (pH 
1 ). After evaporation of the water layer and azeotropic removal of water with i-PrOH , 
(/?>-2-amino-3-methylbutyronltriIe.HCl was obtained In a low yield and 71% e.e. 

30 Example 4: Diastereomeric resolution of rac-2-amlno-4-methvlvaleronitrile 
/leucinonitrile) 

The HCI-salt of rac-2-amino-4-methylvaIeronitrile (prepared by 
Strecker synthesis as described above) was liberated by neutralization in wateryCHaCIa 
to pH 9, After extraction the CH2CI2 layer was evaporated and the residue dissolved In 
35 500 mL MeOH. To the MeOH solution was added 45 g (0,30 mol) of L-(+)-tartaric acid, 
followed by 400 mL of toluene. After stining for 24 h at ambient temperature, the 




predpttate was filtered, 'Hils diastereomeric salt was dissolved in wBter/CH2Cl2 and 
nautratteed with a diiluted NaOH solution to pH 9. Tha CH2CI2 was separated and 
extracted ^Arfth diluted HCI solution (pH 1). After evaporation of the water layer and 
azeotropic removal of water with I-PrOH , (S)-2-anfilno-4-fnethylvaleronitrile.HCI was 
5 obtained in >50% yield and 25% e.e. 

Example 5: Diastereomeric resolution of rac"2->amino-2.3-dimethvlbutvronitrile (a- 
metlivlvalinonitrile) 

The HCI-salt of 2-amino-2,3-dimethylbutyronitrile (prepared by 

10 Strecker synthesis as described above) was liberated by neutralization In water/CHaCb 
to pH S-S with dHuted NaOH solution. After the extraction the CH2CI2 layer was 
evaporated and the residue dissolved in 200 mL MeOH. To this solution was added a 
solution of 45 g (0.30 mol) of L-(+Hartaric acid In 200 mL of MeOH. The suspension 
was stirred for 48 h at ambient temperature and filtered. The diastereomeric salt was 

1 5 isolated 74% yield and 89% e.e.(S), This salt was dissolved in water/ CH2CI;^ and 
neutralized with a NaOH solution to pH 10. The CH2Ci2 was separated and extracted 
with diluted HCI solution (pH 1 ). After evaporation of the water layer and azeotropic 
removal of water with l-PrOH, (^-2-amino-2,3-dlmethylbutyronitrile.HCI was obtained 
in91%e.e. 

20 

Example 6: Peptide deformvlase (PDF) resolution of rao-2-aminO"3-DhenvloroDton!trne ; 

To 27 mL buffer-solution of jpH 7 A (containing 0,1 mg/mL catalase, Q 
M sodium formate, 0.25 M sodium chloride and 100 rr\M MOPS buffer ) was added 25 
mg PDF and 1.0 g rac-2-amino-3-phenylpropionitrite.HCI-salt This solution was 

25 adjusted to pH 6.7. After 20 h of shaking at ambient temperature the reaction was 
stopped at 3S% conversion, A small amount of the heterogeneous reaction mixture 
was extracted with CH^CIa- (S)-2-Formamido-3-phenyipropionltrile with e.e.>99% 
(HPLC) was Isolated from the organic layer. The precipitate in the remaining part of the 
reaction mixture was filtered yielding (S)-2-formamldo-3-phenylpropionitrUe 

30 (e.e>99.5%) as a white solid. 

Example 7; PDF resolution of rac-2-amino-4-methvlvalerQnitrile 

To a solution of 14S mg of 2-aminO'4-methylvaleronitrile.HCl in 12.5 
mL buffer-solution of pH 7.4 (0,1 mg/mL catalase, 6 M sodium formate, 0.25 M sodium 
35 chloride and 100 mM MOPS buffer) 25 mg PDF was added. After 2.5 h at ambient 
temperature a conversion of 39% was reached. The e.e. of the remaining (f?)-amlno 



nitrite was 63% and the 6,e. of the (^2-formam{do-4-methylvaleronitrile was >98% 
(HPLC). The product coutd be Isolated by extraction with CH2CI2 as described above. 

Fvam pla 8: Screening of the enzymatic resolirf ion of rao>2-amtnO'3-phenvlDropionttrile. 

5 |[n "fq'^"'p solvents 

To a solution of 0,5 mmol of rac-2-amlno-3-phenylpropionitii[e (obtained from the HCI- 
sait by extraction of a basified aqueous solution) and 0.75 mmol of acyl donor in 5.0 n^l 
of oiganic solvent (toJuene, heptane, THF or MTBE) was added 90-100 mg of 
Novozym 435® or Acylase I [Aspargillus melleus). The reaction mixture vwas stin-ed at 

10 60*C for 40-66h and analyzed in time by HPLC. 

The following results were obtained with Novozym 435: 
With methyl hexanoate as acyl donor In MTBE. N-hexanoyI-(S)-2-amino-3- 
phenylproplonitrile with e.e. 83% at 10% conversion. With methyl valerate as acyl 
dorior in MTBE, N-valeryl-(S)-2-amino-3-phenylpropionitr]le with e.e. 77% at 32% 

15 conversion. With methyl phenylacetate as acyl donor in toluene, N-phenyIacetyt-(S)-2- 
amino-3-pheny!propionltrile witti e.e. >99% at 16% conversion. 
The best results with Acylase I were obtained with i-propyl acetete as acyl donor (In 
toluene or heptane) or with etiiyl acetate as acyl donor (in toluene). In all cases N- 
acetyl-(/R)-2-amino-3-phenylproplonltrlte writh e.e. >90% was formed in low conversion. 

20 

F-y ^mpla 9: Resolution of rac-2-amino>3-oh6nvlQroDlonlt rile bv enzvmatic acvfatlon in 
MTBE e qtalvzed by Novozvm 435° 

To a solution of 7.3 g (50 mmol) of rac-2-amlno-3-phenylpropion»tr!le and 1 1,3 g (75 
mmol) of methyl phenylacetate In SCO ml of MTBE was added 10 g of Novozym 435?*. 
25 The reaction mixture was stirred at 60^. Initially every hour 1 0 ml of solvent was 

distilled to remove the methanol fomned and replaced by 10 ml of fresh MTBE. After 29 
h the reaction was stopped at 14% conversion. N-phenylacetyKS)-2-amino-3- 
phenylpropJonitrile with e.e. >99% was obtained. 

30 Example 10: Hvdroaenation of rae-2-amlno-3-"DhenvlDroDionitrile.HC j-$alt to the amino 
aldehvde 

To a solution of 9.0 g (49 mmol) of rao-2-amlno-3- 
phenylpropionitrile.HCI-salt in 280 mL of water was added 2.2 equiv. of cone. HCI 
solution and 2.0 g of 5% Pd/C. The mixture was hydrogenated for 4.5 h at 35°C and 
35 2.0 MPa of hydrogen pressure. After filtration of the Pd catal^t, the solution was 
analyzed by HPLC and contained 86% of rac-2-amino-3-phenylpropionaIdehyde.HCl- 




salt (as its hydrate). In addm(»i 6% of 1.2'diamlno-3-phenylpropane.2HCi-8alt was 
formed and 7% of starting material was still present This 6}(ampld iilustrates a 
hydrogenatfon yielding a product with h^h amino aldehyde content and low diamine 
content 

5 

gyample 11: Hvdroaenation of /ffl-2-amlnO"3-DhenvlprQDtonitriie. HCI^alt to the iR\' 
amino alcohoi 

To a solution of 9.0 g (49 mmol) of (R)-2-amtno-3- 
phenylpropionitille.HCI-salt (97.5% e.e.) In 280 mL of methanol-water 1:1 was added 

10 2.2 equlv. of cone. HCI solution and 2.0 g of 5% Pd/C, The solution was hydrogenated 
for 19 h at 35°C and 0.9 MPa of hydrogen pressure. Then additional 2 g of Pd/C was 
added and hydrogenation was continued for 24 h at 3.0 IWPa- According to chiral HPLC 
91% of (f?)-2-amino-3-phenyl-1'propanol was fomied together with 6% of (R)-3-phenyl- 
1,2-diamlnopropane. The reaction mixture was filtered and partially evaporated. The 

15 solution was basified to pH 10 using diluted NaOH solution and extracted with CH2CL2. 
The organic solution was dried over NajSO* and evaporated. 

The hydrogenation was repeated 4 times under identical conditions. 
The combined residues were suspended In water and 5.0 g (40 mmol) of oxalic acid 
(1 .2 eq based on the amount of amine) was added. "Hie mixture was heated at 70'^ to 

20 a clear solution was obtained and left for ciystallizaeon. After filtration the flnae (R)-2- 
amlno-3-phenyl-1-propanol was obtained in 61% ^eld. A second crop of product was 
isolated from the filiate by repeating the crystallization firom a minimum amount of 
water. In total 29.2 g (79%) of («)-2-amlno-3-phenyi-1-propanol was isolated with 
>98% e.e. 

2S 

Fxampfe 12: Hydrooenafion of (gV.2-^mino^-methvlvai erQnlfcrile.HCI-8alt to f SV-leudnol 

To a solution of 3.0 g (20 mmol) of {S)'2-amino-4- 
methylvaleronitrll©.HCI-saIt (26% e.e.) in 100 mU of methanol-water 1:1 was added 2.2 
equivalent of cone. HCI solution and 0.80 g of Pd/C. The solution was hydrogenated 
30 under vigorous stinlng at 35*C and 1 .0 IVlPa of hydrogen pressure. After 5 h almost all 
starting material was converted and the hydrogenation was continued for 48 h at 5.0 
MPa until most of the amino aldehyde was converted to the amino alcohol. The 
racemization tree conversion to (S)-l6Uclnoi (25% e.e.) was 77%. 



36 



Example 13: Hvdroqenation of (ffl-2-amino-3-m6thvlbutvronitrile.HCi-saitto CRV-valinoi 
To a solution of 2.7 g (20 mmol) (R)-2-amino-3- 
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methylbutyronltrlle.HCI-salt (71% e.e.) In 100 mL of MeOH-HgO 1:1 was added 2.2 
equiv, of conc. HCI solution and 0.80 g of Pd/C. The mixture was hydrogenated for 5 h 
and 1.0 MPa of hydrogen pressure under vigorous stin-jng. Then additional 0.40 g of 
Pd/C was added and the hydrogenation was continued for 23 h at 5.0 MP^ until all the 
5 intermediate amino aldehyde was converted. (R}-valinol (71% e.e,) was fonmed without 
racemization in appn 90% conversion, together with 6% of the con'esponding 3-methyl- 
1 ,2-diaminobutane. 



Example 14: Hydroaenatron of (/?V2-amino-2,3-dlmethvlbutvronitrila.HCl~salt to fffl-2^ 
10 metlivivalinol 

To a solution of 2.7 g (20 mmol) (R)-'2-amlno-2,3- 
dimethyibutyronitrile.HCI-salt (>8Q% ae.) in 100 mL of MeOH-HaO 1:1 wa^ added 2.2 
equiv, of cona HCI solution and 0.80 g of Pd/C, The mixture was hydrogenated for 5 h 
and 1 .0 MPa of hydrogen pressure under vigorous stirring. Then additional 0.40 g of 
IS Pd/C was added and the hydrogenation was continued for 23 h at 5.0 MPa The 
conversion to (R)-2-methy!valinol (95% e.e.) was >90% and proceeded witliout 
racemization. 



20 



020 09.04.2002 



-11- 
CLAIMS 



Process for the preparation of an enantiomericaliy enriched compound of 
formula 1 



r2 



nrV 



or a salt thereof, wherein: 

C* represent an asymmetric carbon atom; 

and R*are different from each other, and. each Independently, represent H. 
a substituted or unsubstltuted allQ^I or aryl group; 
R* represents CHzOH or an optionally protected CHO group; 

rei^sents H, a substituted or unsubstituted aikyi or aryl group; and R'* 
represents H or C(=0)R^ wherein R® represents H, a substituted or 
unsubstltuted all<yl. aryl or alkoxy group R* represents or an amine protecting 
group, or R4 and R5 fonn together with the N to which they are attached a 
cyclic imide group, wherein an enantiomericaliy enriched compound with 
formula 2 



r 



(2) 



or a salt thereof, wherein C\ R\ R^R' and R^ are as defined above and r' 
represents H or C(=0)R* wherein Is as defined above, R'' represents an 
amine protecting group, or R« and Reform together with the N to which they 
are attached a cyclic imine group, Is subjected to hydrogenallon In the 
presence of hydrogen, a hydrogenation catalyst and a mineral add. 
Process according to claim 1, wherein 1^ is an optionally protected CHO 
group and wherein hydrogen Is present at a hydrogen-pressure between 0.1 
and 2 ^APa. 
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Process aooordfng to claim 2, wherein the hydrogen-pressure is between 0.5 
and 1 MPa. 

Process according to anyone of claims 1-3 vi^ierein the amino aldehyde is 

isolated in the fomn of a chemically and configurationally stable derivative. 

Process according to claim 1. \A^erein R' Is a CHaOH group and v\ri^erein at 

least during part of ttie hydrogenaflon hydrc^en Is present at a 

hydrogen-pressure between 2 and 10 MPa. 

process according to claim 5, wherein at least during part of the... 

hydrogenatlon the hydrogen-pressure is betuve^ 4 and 6 MPa. 

Process according to claim 5 or 6, wherein the hydrogen-pressure initially Is 

between 0,5 and 2 MPa and subsequently, after most of the nitrlle starting 

material is converted, the hydrogen pressure is increased to a value between 

2 and 10 MPa, 

Process according to anyone of claims 1-7 wherein a Pd-catalyst used as 
the hydrogenatlon catalyst 

Process according to anyone of claims 1-8, wherein as starting material, an 
enantiomerically enriched nitrlle according to formula 2 is used that is 
prepared by (precursor) femientation, enzymatic resolution, crystallization 
Induced asymmetric transformation, classical resolution, resolution via 
preferential wystalllzatlon. dlast^ieomerlc synthesis, catalytic asymmetric 
synthesis or dehydratatkin of amino add amides. 
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ABSTRACT 
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Process for the preparation of enantiomerically enriched amino aldehydes and 
amino alcohols, wherein a corresponding enantiomerically enriched amino 
nitrite subjected to hydrogenation in the presence of hydrogen, a 
hydrogenation catalyst, preferably a Pd-catalyst and a mineral add. For the 
preparation of an amino aldehyde hydrogen preferably is present at a 
hydrogen-pressure between 0.1 and 2 MPa, in particular between 0.5 and 1 
MPa. The amino aldehyde preferably is isolated !n the form of a diemically 
and conflgurationally stable derivative. For the preparation of an amino 
alcohol, preferably at least during part of the hydrogenation hydrogen Is 
present at a hydrogen-pressure betv^n 2 and 10 MPa, In particular between 
4 and 6 WIPa. In a prefen-ed embodiment the hydrogen-pressure Initially Is 
between 0,5 and 2 MPa and subsequentiy, after most of the nitrile starting 
material is converted, the hydrogen pressure is Increased to a value between 
2 and 10 MPa. 

The enantiomerically enriched nitrile stari:Ing material may a.o« be prep^ed by 
enzymatic resolution, classical resolution, resolution via preferential 
crystallization, diastereomeric synthesis, catalytic asymmetric synthesis or 
dehydratation of amino acid amides. 
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